Measurements of Non-photonic Electrons
Production and Azimuthal Anistropy in STAR
at RHIC

Results:

o NPE spectra measurements:
o New Au + Au at Vs = 200 GeV.
o Nuclear Modification Factor at Vsyy = 200 GeV.
o Au+ Au at Vs = 62.4 GeV.

o NPE Azimuthal Anisotropy measurements:
oV, Au +Au at \syy = 200 GeV.
o V,{2} Au+ Au at Vs, =39 GeV and 62.4GeV.
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Why Heavy Flavor?

o Due to their large masses, heavy quarks are created at the
early stage of HIC through initial hard scattering

Leading order diagrams of charm (HQ) production.
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o Due to their large masses, heavy quarks are created at the
early stage of HIC through initial hard scattering, thus:
* pQCD cross-sections, power-law at high pr.
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Example: Charm production compared to FONLL calculation.



http://prd.aps.org/abstract/PRD/v86/i7/e072013

I 000 00 09000
Why Heavy Flavor?

o Due to their large masses, heavy quarks are created at the
early stage of HIC through initial hard scattering, thus:
* pQCD cross-sections, power-law at high pr.
* cross-sections scale by N,

!ll]l T LR IR 4A|i T ] Allll’[ T T \vlll]

—_ B Sys. error /Sy = 200 GeV
rh I T I T I ] I L] I L] I = A 1 ]
o 1k . 400 d+A

. L p-i-p zﬂu GEV A [F 1 0.565 n . o u FONLLerr. _
> ' ; (D™e) NLO err.

3 .. e D'/0224 . ! :
S 1 5. -
5 vl R —--- FONLL 1 £ s + .
E " el *®, —— power-law fit ] = ptp AutAu (D)

" ey 1 2 200F i
T 0 e - gb% t % i j
g': H'"-:_‘.*‘-';;-“a- e i |
g . S ‘ool NS ¥2010+y2011 M
© 1| STARPhys Rev.D86(2012) 72013 - ) fealia
t‘q*'ip' D_ ; I ZI I :Ii | :;I - é . EI_ Oi«lw' AR Lt sl \V|I'\|R| wl'-l;(n‘}E[XIXI?“!!u'\n “—

p, (GeVic) 1 10 10? 10°

number of binary collisions me



http://prd.aps.org/abstract/PRD/v86/i7/e072013

I 000 00 09000
Why Heavy Flavor?

o Due to their large masses, heavy quarks are created at the
early stage of HIC through initial hard scattering, thus:
* pQCD cross-sections, power-law at high pr.
» cross-sections scale by Ny,
» experience all stages of medium evolution.
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Heavy Quarks are clean probes
:> (“almost” external to the “thermal” bulk matter)
to study the bulk matter created in heavy-ion collisions.
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—> their kinematics carry informationabout their interaction with the medium.
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Heavy Quarks as probes of sQGP

Heavy Quarks experience all the stages of medium evolution
—> their kinematics carry informationabout their interaction with the medium.

Observables:
o Modification of the power-law p+ spectra (highp)
 Study flavour dependence of partons energy loss.

o Azimuthal Anistropy
* Lowprv,
» degree of thermalization of the bulk matter.
» NCQ-scaling? ——> Hadronization mechanisms.
» Important to understand Quarkonia production mechanismsin HIC.
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Heavy Quarks as probes of sQGP

Heavy Quarks experience all the stages of medium evolution
—> their kinematics carry informationabout their interaction with the medium.

Observables:
o Modification of the power-law p+ spectra (highp)
 Study flavour dependence of partons energy loss.

o Azimuthal Anistropy
* Lowprv,
» degree of thermalization of the bulk matter.
» NCQ-scaling? —> Hadronization mechanisms.
» Important to understand Quarkonia production mechanismsin HIC.

* Highptv,
» path length dependence of energy loss
(an important differential measurementto test parton energy loss models).
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Reconstructing Open Heavy Flavour

o Directreconstructionthrough hadronic decay channels
v" Allows direct access to the heavy quark kinematics.
» Hard to trigger.
* Limit the p;reach.

« Small(er) Branching Ratio:
« B*>5K*+]J/p >ee: BR:~6X107°

« B° - Km: BR: ~5x 10°°
« D% Km: BR: ~4%
« D% - Knm: BR: ~9.4% (lower acceptance)




Reconstructing Open Heavy Flavour

o Directreconstructionthrough hadronic decay channels
v" Allows direct access to the heavy quark kinematics.
» Hard to trigger.
* Limit the p;reach.

« Small(er) Branching Ratio:
« B*>5K*+]J/p >ee: BR:~6X107°

« B° - Km: BR: ~5x 10°°
« D% Km: BR: ~4%
« D% - Knm: BR: ~9.4% (lower acceptance)

o Indirect measurementthrough semi-leptonic decay channels
 Indirect access to the heavy quark kinematics

v" Can be triggered easily. ha
 |deal for high pr measurements

v" High(er) branching ratio _ Non.
e B -et +X: BR: ~10% hs DO ™ 7" photonic

« DY>set +X; BR: ~6.5% electron
e« Dt >set +X: BR: ~16%
« Ao et + X BR: ~4.5% (Lightest charmed baryon)




Experimental Setup
At R (STAR)

Full azimuthal coverage.
e -1<n<l1

« Uniform acceptance for all

beam energies.

* Full TOF barrel.

* Full BEMC
« Low material budget in the &%
tracking volume '
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Electrons Identification

ARRHIC (BTAR) TPC dEdx +
Time Of Flight (TOF):

Low pt (0.2-2.0 GeV/c)

The combination of TPC dEdx and j
from TOF provides +95% purity down to
the lowest reachable p+ at STAR
(0.2GeVl/c) .

" TOF |[1/B- 1] < 0.03
L L LA L L Ll L L Ll L L.l L IIIIII L LA L Ll
0.2 1 5 0.2 1 5

Momentum (GeV/c)
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Electrons Identification

At RHIC (STAR) TPC dEdx +

Barrel ElectorMagnetic Calorimeter
(BEMC):

High pt (> 1 GeV/c)

1- Associating TPC tracks with BTOW
and BSMD clusters.

2- E/P cuts. (Due to their negligible
mass, electrons have E/P ~ 1).

| | | |
3<p<5GeVic

O Data —
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Analysis Technique — Background Sources

The trick is to find all electrons and then subtract all the uninteresting ones.

Most of the “uninteresting” electrons are coming from photonic sources (Photonic Electrons).

0 + -
T —>y+te +¢e BR:1.2%.
:> Same for all experiments
n — 7/+e++e_ BR: 0.7%.

e +e
y—= N :> Depends on material budget
‘Mostlyfrom z°@) - »+y

Other sources of background include:

 Drell-Yanand heavy quarkonia contributions (J/psi).
» Vector mesonsdi-electrondecays (p,»,D,...).
« Singleelectronbackground sources, Ke3 (K* — nle*v,).
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Analysis Technique — Background Subtraction

» Almost all reconstructable pairs have
invariant mass < 0.24 GeV/c?.

At STAR, we use the “Reconstruction Method” _::Es'1 . 62. Gé& 63{}qu ]
to estimate the contribution of Photonic Z 20000 , =
= .| — Photonic .

electrons. | — Unhke-sign pairs ]
1500 — Like-sign pairs ]

» Photonic e*e- pairs invariant mass peaks at 0. _
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Analysis Technique — Background Subtraction:

At STAR, we use the “Reconstruction Method” é n 62. Gég {3l.ggluu ]
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Measurements in p + p at Vsyy = 200 GeV

o p+p baseline.

| T T T | T T T |
Global uncertainty: 8.1%
e STAR Phys. Rev. D 83 (2011) 052006
v update on PRL 98(2007)192301

FONLL
--------- FONLL uncertainty

Ed’s/dp’ (mb GeV*c?)
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Measurements in p + p at Vsyy = 200 GeV

Ed’s/dp’ (mb GeV*c?)

o p+p baseline.

o NPE-hadron correlation.
used to disentangle charm and bottom

contributionto NPE spectra.
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Global uncertainty: 8.1%
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Spectra in Au + Au at \/SNN = 200 GeV

. MlnblasX1e_tQ4 ______ 4 10-20% X 1e+00...

o With ~1 nbt sampled luminosity in
Run2010 Au+Au collisions, STAR
provides a new measurement of
NPE with a highly improved result
at high p+.

o < (5-10)% statistical errors in all 4

o 0-5%X2e+02 ¥ 20-40% X 16-01

& 40-60% X 1e-02

il -l

centralities.
o An independent central trigger
provides 0-5% centrality.
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Spectra in Au + Au at \/SNN = 200 GeV

o With ~1 nb* sampled luminosity in g T
Run2010 Au+Au collisions, STAR 10 ............................... 4 10-20% X 1e+00...
provides a new measurement of ________ * 0-5% X 2e+02 v 20-40% X 1e-01 7
NPE with a highly improved result

at high p+.

o < (5-10)% statistical errors in all 4
centralities.

o An independent central trigger
provides 0-5% centrality.
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Nuclear Modification Factor (R,) in Au + Au at Vs = 200 GeV
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Nuclear Modification Factor (R,) in Au + Au at Vs = 200 GeV

2 T T T |

ESTAR Preliminary

— 0-10% . DGLVRad. dN/dy = 1000

| | | 1 | 1 | | |
4 6 8
P; (GeVic)
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Djordjevic, PLB632, 81 (2006) and references within.
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disfavors radiative energy loss as
the only mechanism. 1.5
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Nuclear Modification Factor (R,) in Au + Au at Vs = 200 GeV
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o Measurement at high p clearly - f DGLV Rad. dN_/dy = 1000
- <L - NSTAR Preliminary - dN/dy 7
disfavors radiative energy loss as - DGLV Rad+EL s
the only mechanism. s — 0-10% —— cukET N
L ——— TMatrix i
. . N - — Collisonal dissociation. .
o CUJET is the new improvement L —— Ads/CFT D=3 .

over the DGLV/DGLV+EL efforts. R
It is consistent with our
measurement.

o All plotted energy loss mechanisms
agree with our measurement:

e T-Matrix.

e Collisional Dissociation. p, (GeVic)
DGLV:

« Ads/CFT. Djordjevic, PLB632, 81 (2006) and references within.
CUJET:

Buzzatti, arXiv:1207.6020

T-Matrix:
Van Hees et al., PRL100,192301(2008).

Coll. Dissoc.
R. Sharma et al., PRC 80, 054902(2009).

Ads/CFT:
W. Horowitz Ph.D thesis.
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Nuclear Modification Factor (R,) in Au + Au at Vs = 200 GeV

Looking at the current status of the different 2—————— — . |

experimental measurements and theoretical :ﬁﬂ R Preliminar DGLY Rad. dN/dy = 1000
. - .. . ; reliminary

predictions, it is clear that more differential [ DGLV Rad+EL

measurements are needed to distinguish 15— - 0-10% —— %:tErT
. - L — IX

the different proposed mechanisms: |  Collisonal dissociation.
 Bottom/charm measurement - + — Ads/CFT D=3

separation. o
«  Simultaneous prediction of Raa
and v,.

* Measurements and predictions of
centrality and p; dependence.
» Collision energy dependence.

Finally, one also needs to study: p. (GeVic)

* CNM. PHENIX, arXiv:1208.1293 DGLV: .
Djordjevic, PLB632, 81 (2006) and references within.

« Charmed baryon enhancement. CUJET:

P.Sorenson., et al. PRC74, (2006) 024902 Buzzatt, arxXiv:1207.6020

i - i T-Matrix:

Martinez-Garcia. et al. J.Phys.G 35 (2008) Van I?Ieré)sf et al., PRL100,192301(2008).

044023
Coll. Dissoc.
R. Sharma et al., PRC 80, 054902(2009).

« Charmed mesons ratios D°/D, D*/D,
i i Ads/CFT:
D¢/D compared to production in vacuum. ("=t ol 5 e,
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NPE v, in Au + Au at Vs = 200 GeV
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NPE v, in Au + Au at Vs = 200 GeV
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NPE v, in Au + Au at Vs = 200 GeV
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NPE v, in Au + Au at Vs = 200 GeV
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NPE v, in Au + Au at Vs = 200 GeV

2

> 03 :— — ---charged hadrons
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0.1F ~» "% § — demonstrated that the v,
0.05 o - features we see are robust:
D =
o 1 o Finite v, at low pyis an
0: = indication of strong charm-
0.05 = = medium interaction.
0. 16 4 o Increase of v2 at high p
B T ——— e possibly due to jet
1 2 3 4 3 6 7 8 correlation and pathlength
p [GeV/c] dependence of energy loss.
T
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NPE v, in Au + Au at Vs = 200 GeV
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PRC 86, 014903 (2012)

> 0.3 =
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4 _ _van Hees et al. (Min-Bias)
0.2 $ = PRL 100, 192301 (2008)
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arXiv:1205.4945
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0 3 PRC 78, 014904 (2008)
-0.05 =
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o With the contribution of non-flow (jet correlations) at high p+ it is difficult to
directly compare to models.

o It is interesting that the BAMPS model can reproduce the bump-feature we see at pt
1-2 GeV/c. Nevertheless, more precision is needed for decisive comparison to
models.
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Spectra in Au + Au at Vsyy = 62.4 GeV
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Spectra in Au + Au at Vsyy = 62.4 GeV
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NPE v2{2} in Au + Au at \/SNN = 62.4 and 39 GeV
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Summary of New Results

o New measurementof NPE in Au+Au at Vs, = 200GeV:
o High precision at high p+ .

o Rpa Indicates strong suppression of heavy quarks, and disfavors radiative energy loss as
the only energy loss mechanism for heavy quarks.

o NPE Azimuthal Anisotropy shows a finite v, at low p+ this is an important indication of
strong charm-medium interaction.

o Possibly due to jet correlationsand likely path-length dependence of energy loss, we
see an increasing in v, towards high p+.

o NPE at lower energies:
o NPE spectra in Au+Au Vs, = 62.4 GeV is systematically higher than FONLL.

o Measurement of NPE V2{2} at VsNN = 62.4 and 39GeV is consistent with zero at low
pT which might indicate a difference in the degree of charmed-medium interaction
compared to 200GeV.
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Spectra in Au + Au at Vsyy = 62.4 GeV
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o Measurement is systematically higher than FONLL upper limit.
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Spectra in Au + Au at sy = 62.4 GeV —
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B 000
NPE p + p at Vs = 200 GeV
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